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1、超声共振谱技术(Resonant Ultrasound Spectrum, 简称 RUS)是上个世纪九
十年代发展起来的一种表征材料特性的方法，该方法成为现代超声检测的较为常
用的技术手段，其测量的范围广泛，在 MEMS 领域内，可用于微型器件的检测。





通过与单独 PZT-4 换能器结构进行分析比较，PZT/Si 复合结构的静力位移
偏差很小，约为 2%，其各阶共振频率与单独 PZT-4 相差不大，这些分析表明本
文所设计的 PZT/Si 复合压电换能器的工作灵敏度受影响微小，可以用于超声共
振谱的测量当中。最后利用 MEMS 技术制造出了该复合换能器件的初步结构。 
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PZT 压电片激励 MEMS 微流体装置，使得声波在管道内传播，产生的驱动力引
起微管道内部声流的运动。应用流体动力学的基本理论，对声波在管道内部传播
时产生的声场驱动力和声流运动进行分析。通过分析可以得到振幅为 10nm，声







膜，同时，为了实现 ZnO 薄膜器件微制造与 IC 工艺的兼容，本文还在实验的基
础上考虑利用 Al 材料作下电极的压电器件的加工工艺。 
实验中采用了磁控溅射法在不同衬底上生长厚约 1~2μm 的 ZnO 薄膜，通过
实验对样品进行 XRD 和 SEM 测试，来研究磁控溅射过程中工艺参数、衬底及
退火工艺对 ZnO 薄膜质量的影响，从而获得制备高质量薄膜的工艺技术以满足
压电性能的要求。结果表明，表面沉积 SixNy 薄膜的硅片上生长的 ZnO 薄膜比表
面溅射铝膜的硅片上的 C 轴择优取向生长特性好，选择合适的退火处理工艺可
使晶体质量有所改善。在此基础上，为了能够与 CMOS 工艺兼容，开发了仍然

















In this thesis, we present the investigation of piezoelectric ultrasonic technology 
that is used into the microfluidic and MEMS ultrasonic testing device. New ultrasonic 
transducer, microfluidic device and ZnO piezoelectric thin films based on MEMS 
technology will be studied as follows: 
1、Resonant ultrasound spectrum (RUS) has been developed since 1990s, which 
is a dynamic method to test the mechanical properties of the solid materials and is 
currently considered by the scientists in the condensed matter physics as the most 
accurate method to determine the elastic constants of materials. This ultrasonic testing 
method can be applied into many fields, such as the testing of minimized device in 
MEMS. In RUS, a solid sample is clamped between two piezoelectric transducers, 
which are generally PZT or other bulk piezoelectric ceramics or crystals. However, a 
sample, especially a very small one, is hard to be clamped due to the smooth surface 
of transducers, and if the sample is clamped at different locations of the piezoelectric 
transducers, the measured spectra will be fluctuant, lowering the accuracy of RUS 
measurement. To solve this problem, we propose a new type of PZT/Si composite 
transducer for RUS.  
The new type PZT/Si composite transducer is analyzed by comparing with 
traditional single PZT transducer. The results show that the error of displacement 
caused by voltage and static displacement is very small, about 2%. The error will 
decrease by reducing the size of silicon die. The resonant frequency of PZT/Si 
transducer is almost equal to that of single PZT plate. It is concluded that the 
proposed device can be used in ultrasonic testing. In the end, the PZT/Si composite 
traducer is fabricated by using MEMS technology primarily. 
2、With the rapid development of MEMS technology during the past 20 years, 
many microfluidic devices have been proposed and developed for biomedical 
applications, especially in biomedical engineering, such as bimolecular detection, 
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CHIP” and IC chips so on. Among various types of technologies for manipulating 
liquids, acoustic/ultrasonic technique is proved to own higher efficiency than the other 
methods on driving and controlling fluid motion. Ultrasound wave propagating in a 
viscous fluid will induce acoustic streaming owing to the absorption of the fluid, 
which can cause unidirectional fluid motion in microchannel. Due to the size of the 
microdevices that is greatly reduced by using MEMS technology, fluid motion 
induced by acoustic streaming are quite different from that in the conventional scale 
device. Many experimental researches on acoustic streaming have been studied. 
However, very few are studied on acoustic streaming in the microscale. Therefore, it 
is a challengeable and important task to investigate acoustic streaming flow in 
microchannel.  
In this thesis, acoustic radiation force, acoustic streaming in microchannel 
actuated by ultrasonic vibration are studied in the proposed device which is composed 
of a PZT plate, microcavity and microchannel. Basing on the fundamental of fluid 
dynamics, an analytical study of fluid motion acoustically induced in microchannel is 
investigated. We have analytically studied the fluid motion driven by acoustic field 
and forced heat transfer by acoustic streaming in a microchannel in this paper. The 
maximum velocity of fluid motion in the microchannel can reach up to 1~9mm/s 
when the frequency of vibration is between 200 KHz and 1 MHz. The results show 
that acoustic streaming induced by ultrasonic vibration in the microscale is feasible 
and has potential for developing acoustic MEMS devices for driving fluid motion, 
drug delivery and micro cooling applications. 
3、ZnO piezoelectric thin film has many applications in the MEMS field such as 
MEMS microphone, micro accelerometer and bulk acoustic wave resonator. For these 
applications, high-quality ZnO piezoelectric thin film, which has a tendency to grow 
with strong preferential orientation, is need. In this thesis, we present the growth and 
characterization of ZnO piezoelectric thin films to obtain the high quality 
piezoelectric thin films used in piezoelectric ultrasonic application. Meanwhile, 














fabrication of ZnO piezoelectric thin films device and IC technology. 
Magnetron RF sputtering technology is used to grow ZnO thin film for 
piezoelectric applications. We study the influence of annealing process and different 
substrates, including silicon, aluminum layer and silicon nitride thin film on silicon, 
on the piezoelectric performance of ZnO thin film by using XRD and SEM to analyze 
C-axis orientation and crystalline quality of ZnO thin film. The experimental results 
show that the crystal quality of ZnO thin films deposited on aluminum is worse than 
that on silicon substrate and silicon nitride layer. It is concluded that the crystal 
quality of ZnO grains will be influenced by the bottom electrode in the fabrication of 
ZnO piezoelectric device. To solve this problem, we primarily develop a fabrication 
process for which the aluminum is still used as the bottom electrode but isolated from 
the ZnO thin film by a layer of silicon nitride thin film, to meet the requirements of 
the high quality of the ZnO thin film and compatibility with CMOS technology.  
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